Six planetary nebulae (PN) are known in the Kepler space telescope field of view, three newly identified. Of the 5 central stars of PN with useful Kepler data, one, J 193110888+4324577, is a short-period, post common envelope binary exhibiting relativistic beaming effects. A second, the central star of the newly identified PN Pa 5, has a rare O(He) spectral type and a periodic variability consistent with an evolved companion, where the orbital axis is almost aligned with the line of sight. The third PN, NGC 6826 has a fast rotating central star, something that can only be achieved in a merger. Fourth, the central star of the newly identified PN Kn 61, has a PG1159 spectral type and a mysterious semi-periodic light variability which we conjecture to be related to the interplay of binarity with a stellar wind. Finally, the central star of the circular PN A 61 does not appear to have a photometric variability above 2 mmag. With the possible exception of the variability of Kn 61, all other variability behaviour, whether due to binarity or not, would not easily have been detected from the ground. We conclude, based on very low numbers, that there may be many more close binary or close binary products to be discovered with ultra-high precision photometry. With a larger number of high precision photometric observations we will be able to determine how much higher than the currently known 15 per cent, the short period binary fraction for central stars of PN is likely to be.
INTRODUCTION
What is a planetary nebula? The textbooks are clear and definitive that a planetary nebula (PN) is a common, shortlived, phase of a typical star like the Sun that occurs as it burns up the last of its available nuclear fuel. During the next 1000 years or so, the star blows off its outer layers to reveal a central core that becomes hot enough to ionise the ejected layers. That ionised gas then glows due to recombination and collisional excitation. This simple scenario likely has some validity. However, we still do not have a satisfactory physical explanation for how single stars create PN with E-mail: orsola.demarco@mq.edu.au non-spherical shapes, which amount to 80-85 percent of the entire population (Parker et al. 2006) . García-Segura et al. (1999 argued that stellar rotation and magnetic fields in single stars can alter the morphology of a mass-losing asymptotic giant branch (AGB) star, but Soker (2006) and Nordhaus et al. (2007) argued that in a large majority of cases, single AGB stars are unlikely to be able to sustain large-scale magnetic fields for long enough to affect shaping, because the field embedded in an expanding plasma, drains the star of angular momentum on short time scales and quenches itself. Without an angular momentum source, the field would vanish. In the models of García-Segura et al. (1999) and García-Segura et al. (2005) the field strength was assumed constant and was not coupled to the negative feedback action of the stellar envelope. In fact, recently García-Segura et al. (2014) have re-examined this issue and have determined, using stellar structure and evolution simulations, including the effect of angular momentum transport, that AGB stars cannot maintain rotation profiles that allow the formation of bipolar PN. A stellar or substellar companion, though, can provide the angular momentum source (Soker 2006; Nordhaus et al. 2007) .
A host of related conundrums that also may find explanations in the presence of a binary companion, are the unexplained intensifying of mass-loss at the end of the AGB (but see Lagadec & Zijlstra 2008) , linear momenta in post-AGB outflows 1000 times in excess of what can be explained by radiation pressure on dust (Bujarrabal et al. 2001) , or the lack of an explanation for the constant bright edge of the PNLF in old elliptical and young spiral populations (Jacoby et al. 1992; Marigo et al. 2004 , but see also Schönberner et al. (2007) ). Finally, the population synthesis studies of Moe & De Marco (2006) and Moe & De Marco (2010) show that the current scenario predicts too many PN in the Galaxy by a factor of 5 at the 3σ level, while the binary interactions (from strong, such as common envelope [CE] interactions to weak, such as gravitational focussing) can explain ∼70 per cent of all PN.
The binary hypothesis (De Marco 2009) therefore argues that some single AGB stars do not make a PN, which implies that binarity is over-represented in the PN population compared to the progenitor main sequence population. To test this emerging hypothesis, several groups are actively working together to determine the true frequency of binary central stars and the properties of those systems (Bond 2000; De Marco et al. 2004; Miszalski et al. 2009; De Marco et al. 2013; Hillwig et al. 2010; Jones et al. 2014) .
The only binary fraction that is reasonably well constrained today is that of very close central star binaries: ∼15 per cent of all central stars are in post-CE binaries (periods typically shorter than a day) and are detected with periodic flux variability due to irradiation, ellipsoidal variability, or eclipses (Bond 2000; Miszalski et al. 2009 ). Almost all of the photometric variables detected have amplitudes larger than ∼0.1 mag, mostly due to suboptimal sampling due to telescope scheduling and weather constraints.
It has therefore been asked how many objects have remained undetected as one would expect that inclination, companion size and orbital distance would all play a role in the variability amplitude (De Marco et al. 2008) . It is likely that there is a dearth of central star close binaries with periods just longer than those detected so far (i.e., between a couple of days and a couple of months). It is likely that with our current detection limits we would have easily detected binaries with periods up to two weeks (De Marco et al. 2008) . In addition, studies of post-CE white dwarf (WD) binaries, the progeny of post-CE central stars of PN binaries, seem to indicate a dearth of objects in that period range (Schreiber et al. 2009 ). However, short period, post-CE binaries with smaller companions, with an unfavourable orbital inclination, or with a weak irradiation effect should be there, with variability below the ground-based threshold. We have therefore embarked in a study to find new post-CE central star binaries with Kepler to determine whether we can get an indication of the frequency of the undetected, low amplitude binaries.
While a sample of 6 central stars in the Kepler field precludes the statistical revision of the short-period binary fraction, it would be indicative to find even just one photometric variable that would not have been detected from the ground. Any indication that such binaries exist would motivate further studies to quantify how much larger the post-CE binary fraction is than the 15 per cent currently known.
In § 2 we present the PN sample in the Kepler field of view, while in § 3 we describe the observations. In § 4 to § 7 we present the Kepler lightcurves, atmosphere model analyses, as well as combined analysis of the light and radial velocity curves to derive stellar and binary parameters for five of the six central stars of PN in the Kepler field of view that have adequate data. We conclude in § 8.
THE PN SAMPLE
We have monitored (programme # GO30018) six PN in the Kepler field. Three were known (Abell 61, hereafter A 61, NGC 6742 and NGC 6826) . One was recently discovered by Aller et al. (2013, the central star is known as J193110888+4324577, hereafter J19311, while the nebula may be indicated as AMU 1 after the discoverers, but we shall use the star's name to indicate this object). Two were found by the Deep Sky Hunter team (Jacoby et al. 2010, Kronberger 61 , hereafter Kn 61 and Patchick 5, hereafter Pa 5), partly during an effort targeting the Kepler field in support of this study. A seventh object, PaTe 1, also found by the Deep Sky Hunters, is in an area of extended emission but is not seen in [O III] images, and therefore cannot be confirmed as a PN at this time. Available data for these objects are summarised in Table 1 while images are presented in Fig. 1 .
A 61 is an old, circular PN first presented by Abell (1966) . Its central star spectrum was modelled by Napiwotzki (1999) and the following parameters were derived: T eff = (88 000 ± 7900) K, log g = 7.10 ± 0.37, R = 0.67 R at a distance of 1380 pc. Drummond (1980) lists the central star of A 61 as a variable and the Russian catalogue of variable stars (Kukarkin et al. 1981) designates it as NSV 11917.
Kepler data for the central star J19311 were first presented by Østensen et al. (2010) , who showed that it has a periodically variable light curve. The PN was only recently discovered by Aller et al. (2013) who showed it to consist of two elongated structures at 90 deg from one another and with kinematics indicating that they were ejected almost at the same time.
Kn 61 is a PN discovered by the Deep Sky Hunters and already studied by Gonzalez , who showed it to have a hydrogen poor, PG1159-type central star. Its central star's spectrum was originally presented by Jacoby et al. (2012) , Long et al. (2013) and García-Díaz et al. (2014) . García-Díaz et al. (2014) discuss extensively the PN, concluding that it is hydrogen poor, a quality shared by only a handful of other known objects (Harrington et al. 1997) .
NGC 6742 is a little studied, circular PN with a morphology which is very similar to that of A 61 (Fig. 1) . Its central star's light is diluted in the bright nebula and in Figure 1 . A mosaic of the six PN in the Kepler field that were observed by our programme (the nebular diameters can be found in Table 1 NGC 6826 is a very well studied PN. Its central star was detected to vary by Bond & Ciardullo (1990) and classified as a ZZ Leporii star by Handler (2003) . The stellar spectrum was modelled by Kudritzki et al. (2006, T eff =46 kK, log g = 3.8, consistent with a mass of 0.74 M ). The PN consisted of two, well defined, elliptical structures and two jet-like structures aligned with the long axis of the PN. The Kepler light curve of the central star was presented by Handler et al. (2013) who demonstrated convincingly that its variability behaviour is not consistent with a short period binary, but instead with a fast rotating central star.
The Kepler lightcurve of the central star of Pa 5 (also known as J19195+4445), was already presented by Østensen et al. (2010) . The PN was discovered by the Deep Sky Hunters (DSH J1919.5+4445; Kronberger et al. 2006) . Østensen et al. (2010) also presented a spectrum of the central star and remarked on this star being a very hot PG1159 star, a classification that we will revise in § 7.
In Fig. 1 and 2 we present images of the six PN. The image of Kn 61 was obtained with the Gemini telescope in July 2011 after a confirmation image was obtained by us at the KPNO 2.1-m telescope. pixel scale is 3.98 arcsec/pix. The Kepler data is distributed by quarters, each three months long. The quarters available for a particular object vary: A 61 was observed in quarters #2-7 and #10-13, J19311 was observed in quarters #1-6 and #13, Kn 61 in quarters #10-13, NGC 6742 was only observed for a single quarter (#13). NGC 6826 has data from quarters #1-7 and #10-13 and Pa 5 was observed in quarters #1, #5-7, and #10-13. Although Kepler 's detectors contain over 95 million pixels, only a small fraction can be captured for the creation of long cadence light curves due to spacecraft onboard storage and downlink constraints. As a result, targets chosen by observers are assigned a mask, and only pixels within the mask are stored and eventually downloaded for analysis. Light curves from Kepler are obtained through simple aperture photometry on the recorded pixels, and processed by the Kepler "pre-search data conditioning" (PDC) pipeline to remove systematic errors. The same measures in the pipeline that try to minimise false positives for exoplanet transit detection also risk removing intrinsic star variability. However, comparing PDC light curves to ones extracted from the orig- inal target pixel files and detrended with the cotrending basis vectors provided with the data release showed them to be very similar, leading us to conclude that PDC light curves were acceptable for our purposes without additional reduction. Each quarter of data was analysed to detect possible periodic components in the signal using the Lomb-Scargle periodogram algorithm. The resulting periodograms were used to identify the strongest periodic component in the light curve. In order to combine different quarters of data for an object, it was necessary to normalise the light curves by the median values. Otherwise, differences between quarters result in discontinuities when stitching the light curves. A periodogram was also generated for the stitched light curve, to get a better signal to noise ratio in detecting the periodic signal. To generate the folded light curve, the stitched data was folded at the strongest period from the periodogram. In the phasing process, the data were binned to form median flux values, with 50 bins per light curve cycle.
The central star of A 61 has no detected variability to a limit of 2 mmag, which is curious given its designation as NSV 11917.
For the central star of NGC 6742 we did not detect any variability. However, we were unable to distinguish any difference between the flux in pixels centred on the central star coordinates from pixels a few arcsec away. For the other PN, the nebulae have very low surface brightnesses relative to the central stars. In the case of NGC 6742, however, Kepler 's large pixel size and broad bandpass results in a high background noise that degrades the contrast between the nebula and star. We therefore must conclude that this target could not measured accurately enough to draw any conclusion as to the variability of the stellar light.
Spectroscopy
Spectra were obtained for the central star J19311 and the central star of PN Pa 5 at the Gemini North telescope with GMOS in long-slit mode using the B1200 grating between 8 and 16 July, and 3-5 September, 2012. The spectral range was 4020-5480Å and the spectral resolution was R=4200. Both central stars were observed in queue observing mode via phase windows defined by the photometric period from the Kepler photometry. The central star of Pa 5 was observed in 9 out of 15 evenly spaced phase bins over twice the photometric period. Twice the photometric period was used in the event that the photometric variability was caused by an ellipsoidal effect. The central star J19311 was observed in 6 out of 10 evenly spaced phase bins over its photometric period. The spectra of the central star of Pa 5 were taken in pairs of 900-second exposures while the spectra of J19311 were taken in pairs of 600-second exposures.
One spectrum of the central star of Pa 5 was also acquired at the 3.6-m WIYN telescope on Kitt Peak, on 2009, September 12, using the bench spectrograph with a resolution of R=700 and a spectral range of 4300-7000Å.
We also observed the central star of Kn 61 on 2012, June 16, using the National Optical Astronomy Observatory, Mayall 4-m telescope on Kitt Peak and the facility RCSpec long-slit spectrograph with the T2KA CCD. The slit was 1 arcsec wide by 49 arcsec long and oriented with a position angle of 90 deg. The KPC-22b grating in second order was used to disperse the spectra with 0.72Å pixel −1 at a nominal resolution of ∆λ = 1.7Å. The spectra covered an effective wavelength range of 4100 to 5000Å, being slightly out of focus at both ends where the fluxes could not be reliably calibrated. The spectrum of Kn 61 was immediately proceeded with a comparison arc lamp spectrum (FeAr) for wavelength calibration. The exposure time was 1200 sec. At least one spectrophotometric standard star was observed on the night providing a relative flux value. Calibration data consisting of bias frames, quartz lamp flat field exposures, and comparison lamp exposures were taken during the daytime. The data reduction is based on various IRAF packages for performing image reduction and the onedspec package for extracting and calibrating the spectra. In Fig. 3 we present the period analysis using individual quarters for the central star J19311 (the flux units in these plots are electrons per 30 minute exposure). In Fig. 4 we present the lightcurve phased using the most prominent period. J 19311 is almost certainly a short period binary. All quarters give consistently the same period of 2.928 days with an amplitude of 0.729 mmag. In § 4.2 we examine the radial velocity curve of this star together with its light curve and we will interpret this variability as due to both Doppler beaming and an ellipsoidal effect.
Modelling of the atmosphere, light and radial velocity curves of the central star J19311
We used TMAP 1 (Werner et al. 2003; atmosphere models to fit the spectrum of J19311 with a pure hydrogen and helium composition, with a helium mass fraction of 0.4 which best fit the helium lines. TMAP calculates non-LTE, plane-parallel, fully metal-line blanketed model atmospheres in radiative and hydrostatic equilibrium. Model parameters of effective temperature and gravity, TCS = 80 kK and log gCS = 5.0 fit the data well. We show the fit in Figure 5 , alongside the fits of Pa 5 and Kn 61 which will be presented in § 5 and 7. The lack of He I lines indicates a temperature in excess of 70 kK, while the presence of NV lines in absorption (lines that we do not fit) indicates a temperature less than 115 kK. This model is 1 astro.uni-tuebingen.de/ rauch/TMAF/flux H+He.html.
only approximate but it is sufficient for a crucial constraint on the WD model below.
Within the temperature range described above we find the lower values to be more likely, based on reported distances for the nebula. Frew (2008) gives the distance to the PN around J19311 to be d = 1.82 kpc. For TCS = 70 kK and our minimum radius arrived at below, we calculate MV = 1.98. Using the interstellar reddening value of Frew (2008) , AV = 0.26, we find the minimum distance to be dmin = 1.91 kpc. Higher temperatures will result in an intrinsically brighter central star and a greater distance required to give the same observed brightness. If we take an uncertainty in the distance of Frew (2008) of 0.6 kpc the allowed range in temperatures is larger, but we are still limited to TCS ∼ < 115 kK.
Comparing bolometric luminosity and effective temperature values for central stars in our temperature and gravity ranges with the evolutionary models of Schönberner (1983) and (Blöcker 1995) , we rule out masses below ∼0.55 M . Post-AGB stars with masses lower than this limit are intrinsically too faint. Likewise, stars with masses above ∼0.85 M are intrinsically too bright for these temperatures. We therefore conclude that the central star mass is largely unconstrained , i.e., in the range 0.55 < MCS < 0.85 M .
The spectral features in J19311 show strong radial velocity variability on the same period as the Kepler photometry with a semi-amplitude of 88 km s −1 (Figure 6 ). The star is clearly in a binary system, though there is no obvious signature of the companion star in our optical spectrum. While the radial velocity curve is not well sampled, it is well fit by a sine curve and shows no clear sign of eccentricity in the orbit so we assume for the remainder of our analysis that the orbit is circular. We find then that the mass function is f (m) = (m2 sin i) 3 /(m1 + m2) 2 = 0.207 M , with m1 and m2 the masses of the primary and secondary, respectively, while i is the orbital inclination.
The light curve for J19311 demonstrates the exquisite precision of Kepler photometry. By coadding the photometry into 100 evenly spaced bins folded on the photometric, and orbital, period of 2.928151 days, we find a nearly sinusoidal light curve with amplitude 0.729 mmag. Surprisingly, the photometric light curve is out of phase with the radial velocities by exactly π. This phase shift means that the photometric variability is not due to irradiation of the companion star, in which case the phase shift would be π/2. We can also rule out ellipsoidal variability as the primary cause of the sinusoid. For ellipsoidal variability in which one star is distorted due to the gravity of its companion, the photometric period is half the orbital period, unlike the case here.
It is possible that the variability is due to accretion of material from the companion, producing a cool spot on the central star. However, it is not clear why the spot would be aligned perfectly with the axis connecting the two stars or why it would be so consistent over the duration of the Kepler observations. There is one source of variability which we would expect to produce the observed phase shift between the radial velocities and photometry. Relativistic effects caused by the radial motion of the star in its orbit, dominated by Doppler beaming, are known to result in pho- tometric variability at small levels (Shporer et al. 2010; Bloemen et al. 2011 Bloemen et al. , 2012 Herrero et al. 2014) . Using the equation for relativistic variability from Zucker et al. (2007) and Shporer et al. (2010) , with the expected temperature range, we find that our observed photometric amplitude can be described by relativistic effects given our current limits for the physical parameters of the central star. We conclude that the system's photometric variability is due primarily to Doppler beaming. In typical WD binaries the relativistic beaming effects of the two components are exactly out of phase and likely to nearly cancel one another out. However, in cases such as J19311, where one of the two stars has not yet contracted to the WD cooling track and is therefore much more luminous than its companion, it dominates the system luminosity and the relativistic effects.
Given our mass function for the system and a post-AGB central star with mass ∼ > 0.55 M , the smallest possible companion mass, for an inclination angle, i = 90
• is M2(min) = 0.68 M . Assuming the companion and central star to be coeval, and that the companion was less massive than the progenitor of the central star, we require that the maximum companion mass is M2(max) ≈ 8 M . Again, from our mass function we find then a minimum system inclination of i = 18
• . Using the Wilson-Devinney modeling code (Wilson 1990; Wilson & Devinney 1971) with main sequence stars in the mass range 0.68 < M2 < 8.0 M and central stars with the limits we have determined above, any such companion produces an irradiation effect at least an order of magnitude larger than our observed photometric variability. We conclude that the companion is not a main sequence star but must be a compact star, most likely a white dwarf. If this is the case, we then also expect that the companion will have had a greater mass during the main sequence phase than the mass of the observed star's progenitor. So we expect today's mass ratio, q = M2/MCS > 1.0
With this requirement, a maximum WD mass of ≈ 1.4 M , and our mass function derived above, we find a minimum possible inclination for the system of imin = 40
• . Since no eclipses are observed in the Kepler light curve, if the companion is on the WD cooling track, the inclination of the system would need to be ∼ < 88
• for the two stars not to eclipse one another.
Alone, the relativistic variability does not provide strong constraints on the physical parameters of either star in the binary system. The relativistic effects depend largely upon the temperatures of the two stars and their flux ratio. With our current ranges for temperature and radius of the central star we cannot place further constraints on the binary parameters. However, we also see that the Kepler light curve is not precisely fit by a sinusoid. If relativistic effects are the sole cause of the light variability, the shape of the observed light curve should mimic that of the radial velocity curve, in this case a sine curve. If we subtract a sine curve from the binned data we find that the residuals are distributed in a nearly sinusoidal curve, with a period that is half of the orbital period and maxima that align with maxima and minima of the Doppler beaming variability. This behaviour is what we would expect from ellipsoidal variability. The semi-amplitude of the variability of the residuals is approximately ten times smaller than that of the variability before subtraction.
Ellipsoidal variability is caused by a difference in the projected surface area of the star, thus the amplitude of the effect depends on the geometry of the star, but not typically on the temperature. Again we use the WilsonDevinney code starting with our limits from above, i > 40
• and 0.55 < MCS < 0.85 M to find limits on the stellar radius (and surface gravity) that produce the observed ellipsoidal variations. We then check the results for consistency with evolutionary models and iterate the process. A central star with RCS ≈8-9 per cent of its Roche lobe volume ra- Table 2 . Model parameters to fit the light and radial velocity curves of the central star J19311. The subscript "CS" stands for central star dius (depending on inclination) produces the ellipsoidal variability amplitudes we observe. The iteration process reduces the mass and radius ranges, and we find that the radius of the central star can be constrained to 0.27 < RCS < 0.35 R , the surface gravity must be 5.2 < log g < 5.4, in good agreement with the preliminary model of the spectrum discussed above, and the central star mass falls in the range 0.55 < MCS < 0.70 M . In Fig. 6 we show two model curves (solid lines). One is an example ellipsoidal variable curve, showing the amplitude of the observed ellipsoidal effect. The second is the final model combining the Doppler beaming, as a sine curve with semi-amplitude 0.337 mmag, and the ellipsoidal effect.
Using this information for the central star and assuming the companion is either a WD or an evolved pre-WD, the relativistic variability produces our observed amplitudes best for the higher end of our temperature range. In fact, if the companion provides less than 0.1 per cent of the total flux then the central star's temperature must be ∼ > 100 kK to produce the observed amplitude. Lower central star temperatures and smaller radii within our range do work, though we find that the companion would then contribute a few percent to the system's luminosity. The companion then must either not have reached the WD cooling track (or have expanded again possibly due to accreted material from the PN ejection), or the temperature of the companion must be very high, with T2 ∼ > 130 kK. Studies of other doubledegenerate central stars, such as those of NGC 6026 (Hillwig et al. 2010 ), Abell 41 (Shimanskii et al. 2008 , and TS 01 (Tovmassian et al. 2010) show companions that are either roughly coeval with the central star or have expanded and been reheated from a more evolved stage. Since it is unlikely that all of these systems, or perhaps any of the systems, have two stars with nearly identical masses as to both be in the post-AGB/pre-WD stage simultaneously, it is more likely that compact companions to stars going through the PN stage are reheated and expand, possibly in response to accreted material (for a summary of the fit parameters see Table 2 ).
THE ANALYSIS OF KRONBERGER 61

The light curve of the central star of Kn 61
The central star of Kn 61 has a light curve characterised by peaks that occur with spacings of 2 to 12 days. In Fig. 7 we present the period analysis using individual quarters for the central star of Kn 61 (the flux units in these plots are elec- Table 2 trons per 30 minute exposure), while in Fig. 8 we have folded all quarters using a period of 6.4 days. However, inspecting the light curve (see Fig. 9 ), this cadence is clearly not any more likely than other peak recurrence times. The peaks rise from an unvarying baseline and have approximately triangular shapes, although they appear to rise faster than they decay (the smaller amplitude, shorter-duration peaks have only few data points and lower signal-to-noise ratio so it is harder to determine their shape). Brightness peaks have a width at the base between 1 and 2 days. Their height is ∼80-140 mmag. This type of variability is not interpretable as irradiation, ellipsoidal variability nor eclipses. In fact this variability is unprecedented and we have not been able to determine its origin. In § 8 we will discuss this variability in the context of another object also discovered using Kepler data, which has similar characteristics. Our spectrum of the central star of Kn 61 shows an almost featureless continuum. However we discern the following features (see Fig. 5 ): CIV λλ4440,4442,4647,4658 and HeII λ4686. Hβ is absent. We modelled this low signal-tonoise spectrum using a hydrogen-free synthetic spectrum with T eff =120 kK, log g=7.0 and He/C=1 (by mass). These are only indicative, but we know that the temperature must be in excess of 100 kK because García-Díaz et al. (2014) report to have observed the CIV lines at 5801 and 5012Å in emission.
Together with the mass-luminosity relation of Vassil- iadis & Wood (1994), we obtain a radius of 0.04 R , a mass of 0.5 M and a luminosity of 250 L . If we then interpret the light behaviour in the Kepler band as a similar increase in the bolometric luminosity, we derive that each peak emits 20 L , or 3-7×10 39 ergs, assuming that the peaks are 1.1 times the quiescence brightness, have a base 1-2 days wide and have a triangular shape. If each outburst were due to an accretion event, the accreted mass would be:
We note that this calculation is quite insensitive to the value of temperature and gravity adopted. The accretion rate would be only ∼ 10 −16 M yr −1 on average over a one-day-long accretion episode and these episodes would be semi-regularly spaced.
Accretion onto the central star, however would quickly provide a hydrogen layer, which would change the PG1159 classification. Accretion onto the companion from the PG1159 star would be difficult to envisage because it would imply a compact companion and a very short periastron passage which would imply very high eccentricity. Alternative scenarios could be accretion onto the companion of mate- rial from a circumbinary disk for a light companion in an eccentric orbit. Alternatively the outbursts are caused by wind instabilities, the cause of which would require a semiperiodic nature.
THE ANALYSIS OF NGC 6826
In Figs. 10 we present the period analysis using individual quarters for the central star of NGC 6826 (the flux units in these plots are electrons per 30 minute exposure). This star is peculiar. It has a strong, yet not consistent variability, exhibiting two periods: 0.619 and 1.236 days, where one is a harmonic of the other, with an amplitude varying between 2 and 8 mmag. The longer periodicity appears in only about half of the analysed quarters of data. We also measured a weak radial velocity variability with a best period of 0.238 days (which is equivalent to one fifth of the 1.236 day periodcity), using measurements from the catalogue of Acker et al. (1982) . We discuss this peculiar behaviour further in § 8.3 where we compare our measurements with those of Jevtić et al. (2012) and Handler et al. (2013) .
THE ANALYSIS OF PATCHICK 5
7.1 The light and radial velocity curves of the central star of Pa 5
In Fig. 11 we present the period analysis using individual quarters for the central star of Pa 5 (the flux units in these plots are electrons per 30 minute exposure). In Fig. 12 we present the lightcurve phased using the most prominent period. The lightcurve of the central star of Pa 5 gives a consistent period of 1.12 days with an amplitude of 0.5 mmag. No radial velocity variability is detected larger than ∼5 km s −1 . It is entirely possible this is a binary seen close to pole on, but even so, the small amplitude of the curve implies a planetary or evolved companion. (Reindl et al. 2014) up to T eff = 160 kK. It included opacities of the elements H, He, C, N, O, and Ne, which were taken from the Tübingen model-atom database TMAD 2 . While we achieved a good fit for the He II and the N V λλ 4604, 4620 lines with T eff = 145 kK, log g = 6.7, a helium mass fraction of 0.9835, N/He = 1.3 × 10 −2 , C/He=5x10 −4 and O/He=4x10 −4 (by mass), we could not reproduce the remaining N V lines perfectly. Since the aim of our analysis was a coarse estimation of the surface parameters rather than a precise spectral analysis, we will leave the solution of this problem to future work. It is worth noting that, differently from the case of K 1−27, we could not find any hint of hydrogen in the atmosphere of Pa 5. Upper limits for the abundances of carbon and oxygen were derived by test models where the respective lines in the model contradict the 2 http://astro.uni-tuebingen.de/ TMAD non-detection of the lines in the observation (at the abundance limit). For the determination of an upper limit for the carbon abundance we used C IV λλ 4441, 4646, 4658, 4660 and found C/He 5 × 10 −4 (by mass) and for oxygen we used O V λ 5114Å and found O/He 4 × 10 −4 . Thus, Pa 5 displays a similar CNO abundance pattern (nitrogen supersolar, carbon and oxygen subsolar, with solar abundances according to Asplund et al. (2009) ) as the O(He) stars K 1−27, LoTr 4, and HS 2209+8229 (Reindl et al. 2014) .
We calculated the spectroscopic distance of Pa 5 using the flux calibration of Heber et al. (1984) for λ eff = 5454Å,
with mV o = mV −2.175c, c = 1.47EB−V, and the Eddington flux Hν (2.348.15 × 10 −3 erg cm −2 s −1 Hz−1) at 5454Å of our best fit model atmosphere. We use the visual brightness (mV = 15.719 mag) obtained from the US Naval Observatory CCD Astrograph Catalogue (UCAC4, Zacharias et al. 2013) , which is similar to the one listed in Table 1 obtained by Everett et al. (2012) . The reddening, EB−V = 0.1058, was taken from the Galactic dust extinction maps from Schlafly & Finkbeiner (2011) . The mass of Pa 5 (0.54 M ) was derived by comparing its position in the log T eff -log g plane with evolutionary tracks from Althaus et al. (2009) . We derive a distance of 1.4 kpc. From the angular diameter of 2 arcmin, a linear radius of the PN of R = 0.3 pc results. Using an expansion velocity of 45 km s −1 (García-Díaz et al. 2014), the kinematic age of the PN is about 6500 years.
Our spectrum also exhibits PN lines of [OIII] λλ4959,5007. The Hβ emission line in the trough of the HeII λ4859 absorption is reasonably fitted with our stellar atmosphere model, but while other HeII emission components in the trough of absorption lines are completely unchanged by the sky subtraction process, showing them to be stellar, the emission in the trough of the HeII line at 4859Å is completely removed by the sky subtraction as are the lines of [OIII] , showing these to be from the nebula.
The systemic velocity determined via the two [OIII] nebular lines is 26.9 km s −1 . García-Díaz et al. (2014) −1 from their position-velocity diagram, a value that is more reliable and which we have adopted above.
The WIYN spectrum of the central star of Pa 5 confirms the presence of all spectral lines. In the longer spectral range we also see Hα, both in absorption and emission (once again the absorption component is due to HeII, while the emission could be of mixed stellar and nebular origin) and the CIV doublet centred at 5806Å, which appears as a blue shifted absorption, with possibly a red shifted weak emission. This line was first noted by Østensen et al. (2010) We detected no orbital radial velocity shift to within ±5 km s −1 . Our observations cover phases related to the photometric variability of 0.0-0.25 and 0.55-0.75, where phase zero occurs at minimum light. If the photometric variability were caused by an irradiation effect, then the radial velocity minimum and maximum would occur at phases 0.25 and 0.75, so we are sensitive to the full radial velocity range in that case. For an ellipsoidal effect, our radial velocities are sensitive to about two-thirds of the full radial velocity amplitude range, thus we are highly sensitive to those variations as well. If this is a close binary, its orbital rotation axis is approximately aligned with the line of sight, a geometry that would be consistent with the small amplitude of the photometric variability, despite the short period. The sinusioidal variability in the Kepler light curve of the central star of Pa 5 seems to indicate the presence of a binary companion. However, there are several post-AGB and WD stars such as WD 1953-011 (Wade et al. 2003; Valyavin et al. 2011 ), BOKS 53586 (Holberg & Howell 2011 , and WD 0103+732, (Hillwig et al., in preparation) that exhibit a consistent periodic behaviour in which the variability has been attributed to magnetic spots. In these cases the periods reflect the rotation of the star rather than an orbital modulation.
We have explored the potential binary origins for the photometric variability in the central star of Pa 5. We can effectively rule out most stellar companions because of the lack of radial velocity variation of the spectral lines and because of the lack of emission lines in the spectrum that would be caused by irradiation. While we can find arbitrarily low inclinations for which the amplitude of an irradiation effect matches the observed Kepler photometry, for such a hot central star the spectrum should exhibit very strong emission lines from the irradiated stellar hemisphere. The emission lines may not be as strong if the companion is hotter than an M or K dwarf, but then the companion's visual luminosity would approach or surpass the visual luminosity of the central star and we should see spectral features from the companion. Therefore it is unlikely that the central star of Pa 5 has a main sequence companion in a 1.12 day orbital period.
Given the case of J19311 discussed in § 4.2 and the relatively large number of double-degenerate binary central stars known (Hillwig 2011) , it is possible that Pa 5 could have a WD or pre-WD companion. While a cooler WD companion might exhibit an irradiation effect without strong emission lines, our limit on the radial velocity amplitude means that for a stellar mass companion the potential binary system would have an inclination i < 2.5
• . Another possibility may be a planetary mass companion. Using the mass, radius, and temperature values above for the central star and a representative "hot Jupiter" companion, we find that for M2 = 0.001 M , R2 = 0.13 R , and T2 = 1200 K and an albedo of 0.3 for the companion, we also need to resort to a very low inclination to match the photometric amplitude, arriving at i = 1.5
• . Yet another alternative is that the variability is caused by a spot of constant size and constant temperature contrast, at a constant location on the surface of the star. This would almost certainly have to be due to magnetic fields. However, the relatively narrow spectral lines do not show evidence of a strong magnetic field and the effective temperature is much too high to expect a convective atmosphere which may help produce spots (for a recent review see Brinkworth et al. 2013) . Weak magnetic fields (∼100 G) have only been detected once in a PN central star , while several searches have returned either false positives (Jordan et al. 2005) or upper limits of few ×100 G (Jordan et al. 2012; Asensio Ramos et al. 2014 ).
DISCUSSION AND CONCLUSIONS
Below we explore scenarios to explain the photometric and spectroscopic behaviour of our four central stars. The central star of A 61 was not observed to vary above 2 mmag, and that of NGC6742 could not be analysed at all. Below we discuss the four objects that were found to vary.
The short period binary J19311
J19311 is a short period, post-common envelope (post-CE), binary where the light variability is due to Doppler beaming rather than irradiation, and to an additional, weak, ellipsoidal variability effect. This is the first time such an effect has been detected in a central star of PN, undoubtedly because its weakness would be difficult to see with the precision and sporadic cadence of ground-based observations. The companion is almost certainly an evolved star. Despite the predicted rarity of these double degenerate central stars, they appear to be rather common among the post-CE central stars of PN (Hillwig et al. 2010) . The star itself is hot, but does not appear to have any other peculiarities. Finally, the PN consists of two separate ejections, close in time and with a 90 degree angle between them (Aller et al. 2013) . Common envelope ejections are far from being understood (e.g., Ricker & Taam 2012; Passy et al. 2012; Ivanova et al. 2013) , and this object with its two degenerate stars and the peculiar nebular morphology indicating two almost simultaneous ejections at 90 deg from one another, bears witness to the complexity of the phenomenon.
The nature of Kn 61's central star
The central star of Kn 61 is a variable PG1159, hydrogendeficient star, with a variability amplitude of 0.08-0.14 mag. The approximately-triangular brightness peaks recur typically every 2-12 days. The width of the peaks at their base varies between 1 and 2 days. The shape of the light curve is very different from those of irradiated or ellipsoidal variables.
Only one other object to our knowledge may be similar to this: the DA WD J1916+3938 (KIC 4552982). Aside from pulsations (Hermes et al. 2011) , it shows a Kepler light curve variability very similar to that exhibited by the central star or Kn 61, except with a slightly larger amplitude of 0.15 mag from base to peak (JJ Hermes, private communication). The peaks repeat approximately every 3 days (cf. our 2-12 days) and they are narrower, only ∼10 hours vs. our 24-48 hours. This star is an 11-kK WD with a log g = 8.3 and as such is very different from our hot pre-WD. Interpreting the brightness peaks of J1916+3938 as accretion events the median accreted mass per episode is 5×10 −18 M , or an accretion rate of 10 −22 M yr −1 , over 10 hour-long events, substantially less than equivalent numbers deduced for Kn 61's central star.
Another PG1159 star is known to have outbursts, Lo 4 (Werner et al. 1992 ). Bond (2014) measured them to recur approximately every 100 days and to occupy approximately 5 per cent of the monitoring period. These outbursts do not appear to have any relationship with the pulsations of the star, which are of the order of minutes, nor to be caused by them. If the outbursts on Kn 61's central star are due to accretion episodes, each would accrete ∼ 10 −11 M (assuming the accretion happens onto the central star). Accretion of, presumably, hydrogen-rich material onto a hydrogen deficient, PG1159 star would rapidly change its spectral type.
If the light curve peaks were instead caused by accretion onto a companion orbiting the PG1159 primary, caused perhaps by periastron passages, then the companion would have to be more compact than the PG1159 star, hence a WD. However, in order to have an orbit with a period of the order of days and with periastron passages that allow a very small star to overflow its Roche lobe, the eccentricity would have to be unreasonably high. Another alternative are accretion from a circumbinary disk onto a companion that, being lighter than the central star and in an eccentric orbit, moves periodically away from the centre of mass and into the region of the disk. Alternatively these 20-L light outbursts are semi-periodic wind outbursts, which may also have been responsible for the nebular morphology (see Fig. 2 ), but we then wonder what causes them to recur. It is possible that wind outbursts are triggered by a companion in an eccentric orbit, generating a mechanism similar to the so-called "heartbeat" stars (Thompson et al. 2012 ). All of these scenarios involve a short-period eccentric binary having evolved through a CE interaction,but so far our understanding of CE interactions is that the eccentricity of the post-CE binary would be relatively low ( ∼ < 0.2; Passy et al. 2012) .
A more in-depth analysis of the light curve should be carried out to determine whether the 6.4 day period is the real period, with additional variability complicating the power spectrum. A time-resolved spectral analysis should also help to shed light on the origin of this variability.
We have considered the possibility that a foreign, nonassociated object affected the light curve. We have carefully investigated this possibility by reanalysing the Kepler data and we found no indication that this is the case. However, a chance alignment remains a possibility given Kepler's low spatial resolution. This said, this light curve is not just odd for a central star of PN, it is unique of its own right. We therefore appeal to Occam's Razor and argue that it is unlikely that a chance alignment was observed between a rare central star of PN and a unique object with light properties that have not been observed before.
We must in the end conclude that we have at this point no definitive explanation for the light behaviour of the central star of Kn 61.
The fast-rotating central star of NGC6826
The Kepler data of the central star of NGC 6826 was carefully analysed by Jevtić et al. (2012) and Handler et al. (2013) . While the former study ascribes the incoherent variability to a combination of binarity and wind variability, the latter concluded that the variability is due to rotationallyinduced wind variability. We have measured a distinct (2-8 mmag) dominant periodicity of 0.619 days with an occasional periodicity of 1.236 days, appearing in only about half of the analysed quarters of data. We also measured a weak radial velocity variability with a best period of 0.238 days (which is equivalent to one fifth of the 1.236 days). Handler et al. (2013) on the other hand measured several periodicities but a persistent periodicity emerges in their data at 1.23799 days, which, as the lowest harmonic, they conclude is related to the underlying cause of the phenomenon. Their spectra show primarily non periodic variability, although their HeII lines show a period at 0.13 days. They exclude any spectral variability on the dominant photometric period of 1.24 days.
The conclusion for this object is that the variability is not due to a short period binary. However, it may be due to a modulation of the wind caused by rotation of the star. Handler et al. (2013) concluded that a rotation rate can be inferred from the 1.24-d period and results in a rotation rate of 73 km s −1 assuming a radius of 1.8 R measured by Kudritzki et al. (2006) . Using a projected rotation rate of the star of v sin i = 50 km s −1 determined by Prinja et al. (2012) an inclination angle of ∼45 deg was derived. Such a fast rotation would be extremely high for a post-AGB star. Measurements show that white dwarfs rotate with projected rotation velocities smaller than 10 km s −1 (Berger et al. 2005 ) with measurements from pulsating white dwarf showing even lower values (Kawaler 2004) . Such low rotation rates are understood today by the effects of mass-loss and angular momentum transport (Suijs et al. 2008; Cantiello et al. 2014) . These central stars have slightly larger radii compared to WDs and their rotation rates should be smaller still. It is likely that this star's rotation was caused by a merger. Mergers have been proposed to explain high rotation rates and magnetic activity in post-giant stars by, e.g., Nordhaus et al. (2011) and Geier et al. (2013) .
The periodically-variable central star of Pa 5
The lightcurve of the central star of Pa 5 gives a consistent period of 1.12 days with an amplitude of 0.5 mmag. No radial velocity variability is detected larger than ∼5 km s −1 . It is entirely possible this is a binary seen close to pole on, but even so, the small amplitude of the curve implies a planetary or evolved companion. A planetary companion so close to the central star would imply that planetary companions can survive a common envelope phase. Despite the fact that close planets have been announced around post-giant stars (e.g., Silvotti et al. 2014) we remain suspicious that survival is possible under common envelope conditions .
It is possible that the variability is due to a star spot. However, the regularity of the light curve would imply a constant spot, which is unlikely. Also, the strong magnetic fields implied are not consistent with negative searches for magnetic fields in central stars of PN (Jordan et al. 2012; Asensio Ramos et al. 2014; Todt et al. 2014) .
The central star is a rare O(He) star, in other words a star made almost entirely of helium. It is only the tenth known star in the class (four more objects have recently been found; Werner et al. 2014) . O(He) stars are likely the descendant of the R Coronae Borealis stars considered mergers of two white dwarfs (Reindl et al. 2014; Clayton et al. 2005) . However, the central star of Pa 5 seems to have too much nitrogen and too little carbon to descend from the carbonrich R Coronae Borealis stars. If they were mergers we may expect that the rotation rate would be higher than usual for WDs. Interpreting the 1.12 days as the rotation period, the surface velocity this star would be v=0.4-4.5 km s −1 , for radii of 0.01 to 0.1 R , therefore not particularly large. Maoz et al. (2015) analysed 14 WDs and 7 had a variability very similar to the one of the central star of Pa 5. They reviewed several scenarios, some similar to those we have considered. Their best scenario is one where accretion of debris material along the poles increases the UV opacity generating some optically-bright spots. A misalignment between the magnetic and rotational axis would bring the spots in and out of view as the star rotates. The fact that half of their stars show the phenomenon and that this is approximately the fraction of WD that show active debris disk accretion reinforces that conclusion. It would be however unlikely to find debris disks around Pa 5's central star since, contrary to the situation in WDs, its sublimation radius is much larger than the tidal disruption radius.
At this time, the most plausible hypothesis is that Pa 5 has a central star with an evolved companion in a nearlypole-on orbit.
General discussion on the entire sample
There is no way to obtain a measure of the binary fraction from a sample of five objects. So, where does this small Kepler sample take us? One, possibly two, of the 5 central stars with usable data are likely binaries that would not have been detected from the ground in photometric variability surveys (though J 19311 would have been detected from the ground using radial velocity variability, a technique which is not readily used in survey mode due to its time-intensive nature (De Marco et al. 2007) ). The very fast rotating central star of NGC 6826 can only be explained with current theories as the product of a merger and hence as a star that has evolved via a binary channel. Finally, the enigmatic PG1159 central star of Kn 61 with its semi-periodic small outbursts remains largely a puzzle, though it is possible that this behaviour is binary-induced.
With three out of the 4 variable objects displaying amplitudes below the ground-based detectability threshold we now know that many discoveries await surveys sporting the precision of Kepler. We also suspect that low level, periodic or semi-periodic variability is often binary related. We therefore wonder how much larger than 15 per cent the binary fraction would have been found, had Kepler surveyed the entire samples surveyed by Bond (2000) or Miszalski et al. (2009) .
A short period binary fraction of 15 per cent is already higher than one would expect. This statement is based on the period distribution of intermediate mass stars (Duquennoy & Mayor 1991; Raghavan et al. 2010) , the tidal capture radii of giant stars (e.g., Villaver & Livio 2009; Mustill & Villaver 2012 ) and the fact that binaries that go through a CE on the RGB tend not to ascend the AGB (Heber 1986; Dorman et al. 1993) , and thus never become PN central stars. The prediction is of the order of a few percent, although the exact number depends on the mean mass of the central star population: a lower mass results in a lower number of post-CE central stars, while a higher mean mass results in a higher number. Depending on how much larger than 15 per cent this fraction becomes, we may face a situation where a CE phase is a preferred channel to form PN. The "Kepler 2" mission data will include an additional ∼20 PN central stars that will improve the statistics on this matter.
